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SYNOPSIS 
Telemedicine refers to the delivery of healthcare services by means of information and 
communication technology (ICT). Telemedicine, being an ICT, has appealed to engineers as an 
opportunity for innovative development, making technology the primary driver of telemedicine 
development. This technology-push model where engineers pursue challenging technological 
goals primarily does not guarantee appropriate and quality healthcare. It is therefore also 
necessary to assess the true need of the population and develop a comprehensive framework to 
implement and develop technology only as a means and not a goal in itself. 
The Medical Research Council (MRC) and Stellenbosch University (SU) department of Electrical 
and Electronic engineering jointly developed a telemedicine workstation, specifically for primary 
healthcare in South Africa. This workstation ensures effective communication between 
healthcare facilities to capture and send diagnostic data of patients between the facilities. 
Although the technology-push approach followed was successful, further development of the 
workstation requires a clinical-pull approach to address the specific needs of the population. 
The purpose of this project is therefore to support decision making with respect to the future 
development and implementation of telemedicine workstations. A decision support framework 
is developed and validated using the MRC/SU telemedicine workstation as a reference. 
The decision support framework developed in this project can be used as a tool for developing 
regional telemedicine strategy. Future use of this tool requires the population of a data 
warehouse developed in this project by extracting, transforming and loading data from clinical 
data sources. The data warehouse serves as a platform for specification analysis and 
mathematical models to evaluate possibilities for telemedicine in the region.  
The data sources for this project are health information systems and patient files. Data are 
extracted from the patient files, transformed and loaded into a database, developed for this 
purpose. Data from three facilities (Grabouw Community Health Centre, Robertson- and Ceres 
Hospitals) in the Western Cape are used, representing a region relevant for telemedicine 
implementation. The data warehouse is populated from the data loaded into the database to 
package the data in a usable format for data analysis. Diagnosis data together with telemedicine 
device profiles are used in the data analysis.  
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The possibility of telemedicine implementation at a facility is evaluated using mathematical 
models. Engineering economics are used to determine the economic feasibility of a basic 
telemedicine workstation at a chosen facility. Potential telemedicine device utilisation at this 
facility is evaluated using mixed integer programming.  
This study serves as a pilot project to develop and validate the decision support framework. The 
scope of this project is limited to a specific region suitable for telemedicine workstation 
implementation. This project is therefore not aimed to provide only general solutions for 
telemedicine. It is a generic tool to enable decision makers to implement telemedicine as a 
needs driven technology in specific regions in South Africa.  
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OPSOMMING 
Daar word na telemedisyne verwys as die lewering van gesondheidsorgdienste deur die gebruik 
van inligting- en kommunikasietegnologie (IKT). Telemedisyne, as ŉ IKT, het die verbeelding van 
ingenieurs aangegryp as ŉ geleentheid vir innoverende ontwikkeling wat tegnologie die primêre 
dryfveer vir telemedisyne wêreldwyd gemaak het. Hierdie tegnologie-druk model waar 
ingenieurs uitdagende tegnologiese doelwitte nastreef verseker egter nie noodwendig 
toepaslike en gehalte gesondheidsorg nie. Dit is nodig om die ware behoefte van die bevolking 
te bepaal en ŉ raamwerk te ontwikkel sodat tegnologie slegs ŉ middel tot ŉ doel bly en nie die 
doel op sigself nie.  
Die Mediese Navorsingsraad (MNR) het in samewerking met die Stellenbosch Universiteit (US) 
se departement van Elektriese- en Elektroniese ingenieurswese ŉ telemedisyne werkstasie 
ontwikkel, spesifiek vir primêre gesondheidsorg in Suid-Afrika. Hierdie werkstasie is veronderstel 
om telemedisyne konsultasies oor ŉ afstand te bewerkstellig, deur die vasvang en stuur van 
diagnostiese data tussen fasiliteite met behulp van IKT. Om aan die spesifieke behoeftes van die 
populasie te voldoen is dit nodig dat verdere ontwikkeling van die werkstasie op ŉ kliniese-trek 
benadering gebaseer word, alhoewel die volg van ŉ tegnologie-druk benadering aanvanklik 
geslaagd was vir die eerste iterasie van ontwikkeling. 
Die doelwit van die projek is om besluitneming te ondersteun met betrekking tot toekomstige 
ontwikkeling en implementering van telemedisyne werkstasies. ŉ Besluitnemings-
ondersteuningsraamwerk is ontwikkel en gevalideer aan die hand van die MNR/SU telemedisyne 
werkstasie as verwysing te gebruik. 
Die besluitnemingsondersteuningsraamwerk wat in hierdie projek ontwikkel is, is geskik om as 
hulpmiddel gebruik te word vir die ontwikkeling van telemedisyne implementering strategie op 
streeksvlak. Toekomstige gebruik van die gereedskap vereis die populasie van die datastoor wat 
in die projek ontwikkel is deur onttrekking, verwerking en laai van data vanuit kliniese 
databronne. Hierdie datastoor dien as ŉ platform vir spesifikasie analise en wiskundige modelle 
om moontlikhede in telemedisyne te evalueer in streeksverband.  
Die databronne wat vir hierdie projek gebruik is, is gesondheidsinligtingstelsels en pasiëntlêers. 
Data word onttrek vanuit pasiëntlêers, verwerk en gelaai in ŉ databasis wat vir hierdie doel 
ontwikkel is. Data van drie fasiliteite, (Grabouw daghospitaal, Robertson- en Ceres hospitale) in 
die Wes-Kaap word gebruik, wat ŉ streek geskik vir telemedisyne implementering is. Die 
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datastoor word gepopuleer met data wat gelaai word in die databasis sodat data verpak kan 
word in ŉ bruikbare formaat vir data analise. Diagnose data tesame met telemedisyne 
randapparaat aanwendings moontlikhede word gebruik in die analise. 
Die moontlikheid van telemedisyne implementering word by ŉ fasiliteit evalueer deur middel 
van wiskundige modelle. Ingenieurs ekonomie word gebruik om die ekonomiese 
lewensvatbaarheid van ŉ basiese telemedisyne werkstasie by ŉ spesifieke fasiliteit te ondersoek. 
Potensiële telemedisyne randapparaat benutting by hierdie fasiliteit word evalueer met behulp 
van gemengde heeltal programmering. 
Hierdie studie dien as ŉ loodsprojek om ŉ besluitneming ondersteuningsraamwerk te ontwikkel 
en valideer. Die omvang van die projek is beperk tot ŉ spesifieke streek geskik vir telemedisyne 
implementering. Dus is die projek nie beperk tot algemene oplossings vir telemedisyne nie. Dit is 
ŉ generiese instrument om besluitnemers te bemagtig om telemedisyne as ŉ behoefte gedrewe 
tegnologie in spesifieke streke van Suid-Afrika te implementeer.  
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GLOSSARY 
CHC Community Health Centre 
DHIS District Health Information System 
DSS Decision Support System 
ICT Information and Communication Technology 
MRC Medical Research Council 
PHC Primary Health Care 
PREHMIS Patient Record and Health Management Information System 
Clinical-pull The demand-pull approach specific to healthcare applications 
Demand-pull An approach where demand defines the need for a product 
Headcount Number of people (heads) counted for a specific classification 
Technology-push An approach where technology is pushed onto the market 
Telemedicine system The entire system that interacts with the telemedicine 
workstation, including the healthcare professionals 
Telemedicine workstation Telemedicine equipment, excluding the persons interacting 
with the workstation 
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1 INTRODUCTION 
1.1 BACKGROUND 
Telemedicine is defined in the National Library of Medicine as the “delivery of health services via 
remote telecommunications. This includes interactive consultative and diagnostic services” 
(Medline, 2009).   
Formal projects for the implementation of telemedicine for primary healthcare in South Africa 
were initiated approximately a decade ago when, amongst others, the Department of Health 
assigned a task team to develop a strategy for telemedicine primary healthcare in South Africa.  
The South African government is committed to providing basic healthcare to all South African 
citizens, not as a privilege, but as a fundamental right, for the many who lack the most basic 
services. To do this, the government identified telemedicine as a strategic tool to improve 
delivery of equitable healthcare and educational services (Benatar, 2004).  
Recently the Medical Research Council (MRC) partnered with the Department of Health for the 
purpose of advancing telemedicine. One of the projects arising from this initiative was the 
development of a telemedicine workstation to enable the communication of diagnostic 
information between community health centres (CHC) and hospitals as well as between district 
and regional hospitals (Fortuin-Abrahams & Molefi, 2006). 
This workstation was technically developed and completed as a joint effort between the Medical 
Research Council (MRC) and the Department of Electrical and Electronic Engineering of 
Stellenbosch University. It was installed at the Grabouw CHC in 2004/2005 on a pilot scale 
(Fortuin-Abrahams & Molefi, 2006). 
At the time of the introduction of the workstation, the predominant opinion of the participating 
healthcare professionals was that the workstation was easy to use and that it was well 
integrated into the workflow.  The patients did not feel intimidated by the workstation and 
those who utilised it, were satisfied with the quick response. From a technical perspective the 
workstation functioned according to specification (Fortuin-Abrahams, 2006). This pilot study 
presented strong positive evidence supporting the potential of the concept even though all 
challenges were not conclusively resolved, eventually leading to the pilot being suspended. The 
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healthcare and research funding authorities realised the potential and initiated the next step, 
namely a research and implementation unit within the Medical Research Council. At a later 
stage, the department of Industrial and Systems Engineering of Stellenbosch University became 
involved in this project as a part of the research and development initiative by the MRC and a 
network of professional partners. 
The business strategy of pushing a product onto the market is referred to as a technology-push 
approach. This is most often done without thoroughly considering whether or not it satisfies a 
user need. The demand-pull approach is on the other end of the spectrum. Within the context of 
telemedicine this is also referred to as a clinical-pull approach (Wyatt, 1996). Part of the 
eventual suspension of the pilot implementation of the telemedicine workstation at Grabouw 
CHC could possibly be attributed the fact that the pilot implementation closely following the 
technology-push phase was not preceded by a formal needs assessment. 
1.2 PROBLEM STATEMENT 
The current telemedicine workstation was implemented in the healthcare system by a 
technology-push approach. To enhance the effectiveness of this current telemedicine 
technology, it is necessary at this stage to follow a pull approach to assure that the technology 
addresses the needs of primary healthcare in South Africa. . 
Engineers at Stellenbosch University are envisaging further telemedicine development to 
enhance the service level of the current workstation. The development team are however 
dedicated to develop only relevant technologies that will be implemented and used effectively. 
MRC project managers are also concerned that synergy between the telemedicine workstation 
and the needs of the country’s people may not be maximised with the current design. At this 
point in time, a needs assessment, executed with a pull approach is perceived to be an essential 
step in the national implementation of telemedicine. The technological development and the 
implementation of the workstation can then be directed according to the needs of the South 
African population. 
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1.3 GOAL AND OBJECTIVES 
The purpose of this project is to support decision making with respect to the future 
development of telemedicine workstations, based on the clinical needs, hence following a 
clinical-pull approach with respect to the introduction of telemedicine workstations. 
In order to accomplish this goal, the following objectives are set: 
• Develop a decision support system to enable decisions with respect to the assembling of 
telemedicine workstations for a specific region. 
• Collect and analyse data to identify and assess needs of stake-holders, including 
o Healthcare professionals and patients 
o Design engineers 
o Telemedicine project managers  
• Assess the needs of end users (patients) to direct technology development 
• Identify gaps between needs addressed by existing technology and the actual need 
• Evaluate appropriateness of available equipment 
1.4 SCOPE 
The objectives of a final year project are fundamentally to solve a problem in a given time frame, 
using industrial engineering tools and techniques. It is therefore important to scope the project 
according to the time and resources available. The data collection and analysis in this project are 
restricted to enable the student to build a model for decision making from a sample of data. 
It is expected that the needs for a telemedicine workstation are not the same in the different 
provinces and PHC facilities in South Africa. For example rural districts in the Eastern Cape will 
not have the same needs as the urban Cape Town Metropolitan district. The data for this project 
are collected at three different facilities in the Western Cape, with the goal of establishing tools 
and a method to determine the telemedicine needs profile in other regions. 
Data collection can be done using different methods. The method used in this project is the 
collection of patient information from medical files and books. Interviews and questionnaires 
would also gather valuable data but are beyond the scope of this project. 
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1.5 METHODOLOGY 
To accomplish the goal of this project, a clinical decision support system (DSS) is developed. 
According to the National Library of Medicine a clinical DSS is “computer-based information 
systems used to integrate clinical and patient information and provide support for decision-
making in patient care” (Medline, 2009). The framework for this system is a culmination of the 
respective DSS and data warehouse design frameworks by Turban (2005) and Kimball (2002) 
respectively. It is specifically adapted to describe the approach and outcomes of this project as 
shown in Figure 1. 
As shown on the right hand side of Figure 1, the adoption of telemedicine technology is 
influenced by policy decisions makers, medical practitioners, patients as well as technology 
developers. The focus of this project is to assist technology developers to base development 
decisions on patient needs. They are concerned about the usage trends as well as the cost of the 
technology, as addressed by the respective data analysis approaches shown in Figure 1. The data 
input for these analyses are taken from a data warehouse, which is populated by data that was 
extracted, transformed and loaded (ETL) from physical patient files and other transactional 
systems, as shown on the left hand side of Figure 1.  
To convert the data gathered into useful information, firstly the synchronisation of the needs 
versus the technological capability of the workstation was assessed in the form of a trend 
analysis. The second part of the method provides for an economic analysis to present the 
economic implications of the appropriate technologies identified in the first part. These two 
areas are then integrated into a linear programming model to present an appropriate service 
level versus cost solution and ensure more effective telemedicine implementation. 
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FIGURE 1: FRAMEWORK FOR A CLINICAL TELEMEDICINE DECISION SUPPORT SYSTEM 
The remainder of this report is devoted to a discussion of rationale and practice behind the 
design of this DSS, the approach followed in developing this system as well as results obtained 
from the data analysis done in the DSS. To conclude this report, the application of this DSS and 
future developments are anticipated. 
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2 TELEMEDICINE 
Telemedicine can be defined in broad terms as medicine at a distance (‘Telemedicine’ 2006). It 
includes a comprehensive range of medical activities such as diagnosis, treatment and 
prevention of diseases, education of those giving and receiving health-care as well as research 
activities. Telecare and telehealth are related concepts to telemedicine. Telecare refers to the 
nursing and community support that is provided over a distance to a patient. Telehealth on the 
other hand refers to public health services that are delivered over a distance to people who wish 
to maintain their health. Telemedicine, telecare and telehealth are modes of healthcare service 
delivery that strive to advance healthcare by transferring information about health related 
issues from one location to another. Information transfer is made possible using a 
telecommunications network (Craig & Patterson, 2005).  
The history of telemedicine can be traced back to as far as the mid-19th century. Telegraphy as 
well as postal services served as media to enable medical services to be rendered over a 
distance. Modern telemedicine practice has the advantage of more sophisticated 
telecommunication technology. Television broadcasting serves as an effective medium for 
educational purposes. Medical documentaries create healthcare awareness among ordinary 
people, enabling them to take responsibility for their own health. Since the latter part of the 20
th
 
century the internet emerged as an important development tool promoting global 
communication. In the telemedicine context the public is increasingly seeking specialised 
information concerning both diagnosed and perceived health conditions. Medical data can be 
transmitted through the internet from one location to another. Some of the most significant, 
recent developments in telecommunication technology are mobile phones and satellite 
communications. With all these resources for telecommunication, telemedicine is an expanding 
field with a growing number of applications (Craig & Patterson 2005). 
2.1.1 TYPES OF TELEMEDICINE 
Different applications of telemedicine can be subdivided into the following categories. The 
interaction between the client and the specialist as well as the type of information being 
transmitted forms the basis of the categorisation (Craig & Patterson 2005:5). The interaction 
between the client and the specialist is referred to as a consultation. More specifically in 
telemedicine, this consultation over a distance could be termed a teleconsultation. There are 
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two types of consultations, namely synchronous and asynchronous. Asynchronous 
consultations, also referred to as pre-recorded or store-and-forward consultations involves data 
being captured, stored and transmitted at a later stage. Synchronous or real-time consultation 
refers to an interaction between the client and the specialist at the same point in time resulting 
in live interaction (Ferguson 2006:221). 
The information transmitted between the different nodes of the network can be any data 
suitable for sending via the telecommunications networks. This data includes among others text, 
audio, still images, and video files. The different types of data can be applicable to both types of 
consultations. The choice of consultation type is dependent on factors such as quality, desired 
effectiveness and availability of specialists (Ferguson 2006:222). 
Asynchronous consultations can be effected in numerous ways. They include in the most basic 
form health related questions sent via letters to a magazine and answered by a specialist in a 
following edition. More contemporary examples include questionnaires completed by a patient 
and sent via email. Promising new developments provide for patients to submit ECG files in 
acute cases to a healthcare centre facilitated by inexpensive specialist software. The advantage 
of this type of consultation is that the sender and receiver do not have to be present at the same 
time during the consultation. This way of communication is however unsuitable for emergency 
situations because of the uncertainty of appropriate lead time response. There is also a 
considerable variance in the quality of services rendered (Ferguson 2006:222). 
Synchronous consultation on the other hand could be a simple phone call where medical data is 
discussed or even a more detailed and complex videoconference. The quality of home based 
care synchronous consultations is largely dependent on the patient’s ability to communicate 
symptoms from self examination. At present the equipment for videoconferencing requires a 
reliable and fast data connection. The requirement that both the patient and practitioner should 
be available at a specific time could impose a number of difficulties. Another disadvantage is 
that a synchronous telemedicine consultation generally takes a longer time than a normal, face-
to-face consultation (Ferguson 2006:222). 
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2.1.2 TELEMEDICINE IN RURAL AREAS 
Quality healthcare is a significant challenge in developing countries. Telemedicine has proven to 
be a rather effective solution in bringing quality healthcare to isolated communities. The need 
for quality healthcare in rural areas is much larger than in urban communities. The challenges to 
implement telemedicine systems in these areas are however also significantly larger. Many rural 
areas in developing countries do not have access to electricity, and therefore telephone 
networks and computers are rare. Another important factor is the lack of an efficient transport 
system which both magnifies the need for telemedicine and constrains appropriate 
maintenance. Health personnel in these areas are trained specifically to address the immediate 
needs and are mostly not trained technologically. (Martinez et al. 2008:13-14). 
2.1.3 TECHNOLOGY PUSH VERSUS CLINICAL PULL IN TELEMEDICINE 
Engineers worldwide are inspired by the opportunities available in telemedicine development 
and healthcare. Engineers often develop new technologies based primarily on innovations and 
not on the need for the technology. As mentioned in chapter one, this is called a technology-
push approach. This approach is sound in the early stages development where novel 
applications of new technologies are unproven and effective implementation is not a key 
priority yet.  
It is vitally important to consider the needs of the system’s users in developing technology for 
the purposes of implementation. Developing technologies based on a needs analysis can also be 
referred to as a clinical-pull approach. In the pull approach, the technologies are only developed 
if there is a need for it. This approach ensures that the technologies developed will be 
implemented and will be relevant to the needs identified. Not every country in the world has 
similar healthcare profiles and therefore telemedicine must be implemented appropriately 
according to the needs of each individual country. Therefore it is essential that telemedicine 
systems and models be revised according to the needs of each location for effective 
implementation. The clinical-pull approach must be followed at some stage in the 
implementation of telemedicine at a new country or location with unique needs. 
Following a technology push approach has numerous benefits. However, this technological 
development should be supported by a needs assessment at the appropriate times in the 
development cycle to ensure application appropriateness.  
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3 TELEMEDICINE DECISION MAKERS IN SOUTH AFRICA 
The decision support system is focused on providing tools for telemedicine decision makers. It is 
therefore important to identify who the decision makers and stakeholders are for telemedicine 
implementation and development in South Africa. This chapter contains a study of the decision 
makers, determining the outcomes for telemedicine in South Africa. 
 
FIGURE 2: CLINICAL TELEMEDICINE DSS FRAMEWORK – DECISION MAKERS 
3.1 HEALTHCARE DECISION MAKERS 
3.1.1 PRIMARY HEALTHCARE IN SOUTH AFRICA 
Generally primary healthcare (PHC) refers to the first contact a patient, requiring medical 
attention would have with a health professional (‘Primary Health Care’, 2006). The Alma-Ata 
declaration defines primary healthcare as “essential healthcare based on practical, scientifically 
sound and socially acceptable methods and technology made universally accessible to 
individuals and families in the community through their full participation and at a cost that the 
community and country can afford to maintain at every stage of their development in the spirit 
of self-reliance and self-determination” (WHO, 1978). 
Being the first level of contact the national health system has with the community, primary 
healthcare reflects and evolves from the characteristics of the country. Economic conditions, 
socio-cultural and political characteristics of a country all influence primary healthcare. Each 
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country is unique in its social, economic and political characteristics, primary healthcare is 
therefore based on relevant social realities, public health experience as well as biomedical and 
health research (Alma-Ata declaration WHO, 1978). 
The Alma-Ata declaration that forms the foundation of primary healthcare in the world was 
signed in 1978 by 134 countries in Kazakhstan. South Africa was however not one of these 
countries who signed the declaration. In 1978 South Africa was in a pariah state following the 
Soweto uprising in 1976. The country was driven by the apartheid government whose political 
ideology was the complete antithesis of the principles of primary healthcare. There were 
however pioneers like Dr Sydney Kark who established community health centres in the late 
1940’s and early 1950’s. These initiatives were prototypes of the primary healthcare approach, 
but were unfortunately undermined by the apartheid government (Kautzky & Tollman, 2008). 
The apartheid era was a dark period for South Africa. Primary healthcare was affected to a large 
extent by the apartheid developments. The two apartheid developments that did the most 
damage to the country’s healthcare were the racial fragmentation of the health services and the 
deregulation of the health sector. So-called ‘ethnic homelands’ were defined and citizenship was 
involuntarily designated to Africans. Health and other public services were provided for these 
homelands. They were however poorly organized and inefficient, struggling to provide adequate 
medical and healthcare (Kautzky & Tollman, 2008). 
During and prior to apartheid, committed practitioners and the church made a meaningful 
contribution to healthcare in South Africa. Missionaries from other countries tried to fill the gap 
between rural and urban healthcare. Although many of the mission hospitals were highly 
competent, the overwhelming demand was too much for these hospitals (Kautzky and Tollman, 
2008). 
In 1994, shortly after the apartheid was ended, the new political party, the African National 
Congress (ANC) presented a National Health Plan to the public. The new National Health Plan 
was framed on the Alma-Ata declaration and designed consulting technical experts at the WHO 
and UNICEF. This promised a new and brighter future to those impaired by the apartheid 
government’s health regulations (Kautzky & Tollman, 2008). 
Much can be said about the implementation of the 1994 National Health Plan. The expectations 
and enthusiasm for the transformation of the system were very high. The policies for the 
implementation of the plan as well as the management of PHC and social services were 
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problematic. This however was a critical step in primary healthcare in South Africa. Although 
many challenges and failures occurred the health plan has and is being shaped to conform to the 
Alma-Ata vision of health for all (Kautzky & Tollman, 2008). 
It is 15 years since 1994 and although primary healthcare has come a long way through the 
years, witnessing many successes and failures, primary healthcare in South Africa is still a 
considerable challenge. It is vitally important for primary healthcare in South Africa to call on the 
same innovative culture from the 1950’s, building a sustainable health sector providing health 
for all (Kautzky & Tollman, 2008). 
It is clear that primary healthcare is not cheap and requires considerable investments from 
government. The opportunities to improve healthcare have never been as good as it is currently 
with the rapid growth of technology especially in the biomedical and health fields. The World 
Health Organization dedicated their Health review of 2008 to primary healthcare to inspire and 
call those to new heights in healthcare. As Dr Margaret Chan says, “the time is ripe, now more 
than ever, to foster joint learning and sharing across nations to chart the most direct course 
towards health for all” (World Health Report WHO, 2008). 
3.1.2 PRIMARY HEALTHCARE FACILITIES IN SOUTH AFRICA 
Primary healthcare challenges in South Africa are understood better by assessing the medical 
facilities in South Africa. As illustrated in Figure 3, there are different levels of medical facilities 
in South Africa. The pyramid in the figure ranks these facilities according to their speciality level. 
Medical facilities are categorised into different levels. The district hospital is defined as a facility 
offering a range of outpatient and inpatient services (Cullinan, 2006). It has a capacity of 
between 30 and 200 beds, 24h emergency service and an operating theatre. There are 253 
district hospitals in South Africa (Monitoring and evaluation directorate, 2008). 
The regional hospitals are defined as a facility providing care that requires the intervention of a 
specialist and general practitioner. There are 66 regional hospitals in South Africa. The tertiary 
or central hospital is defined as a facility that provides specialist and sub-specialist care. There 
are 15 tertiary hospitals in South Africa. The tertiary hospital is a referral hospital for the 
regional hospitals, and the regional hospital is a referral hospital for the district hospitals. There 
are also 54 specialised hospitals in South Africa. These hospitals provide specialised care to 
patients, e.g. psychiatric hospitals (Monitoring and evaluation directorate, 2008). 
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Community health centres are smaller than hospitals. These centres mostly provide day care, 
and most centres have a 24h emergency unit. In most cases CHC’s have general practitioners in 
either fulltime or part time employment. 
Clinics are strictly day time facilities. Clinics rarely have general practitioners on their staff and 
mostly make use of the ‘visiting doctor’ structure. Professional nurses have the highest authority 
in the clinics and together with the nurses and other administration staff provides basic medical 
services. Mobile clinics offer similar services to the clinics. These clinics are run from little buses 
that drive to remote rural locations where the people do not have access or transport to the 
clinic. 
 
FIGURE 3: MEDICAL FACILITIES IN SOUTH AFRICA 
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3.1.3 DISEASES IN SOUTH AFRICA 
South Africa is one of countries in the world with the highest burden of diseases. The HIV 
prevalence in South Africa is among the highest in the world (Kautzky & Tollman 2008). The high 
tuberculosis statistics are related. In Table 1 can be seen that HIV and tuberculosis is prevalent 
in South Africa. It should be noted that HIV is often the root cause of several other causes of 
death such as infectious diseases and others.  
 
TABLE 1: THE TEN LEADING UNDERLYING NATURAL CAUSES OF DEATH, 2006 
Causes of death (based on the tenth revision, International 
Classification of disease, 1992) 
Rank Number % 
Tuberculosis (A15 – A19) 1 77 009 12.7 
Influenza and pneumonia (J10 - J18) 2 52 791 8.7 
Intestinal infectious diseases (A00 – A09) 3 39 239 6.5 
Other forms of heart disease (I30 – I52) 4 26 628 4.4 
Cerebrovascular diseases (I60 – I69) 5 25 246 4.2 
Diabetes mellitus (E10 – E14) 6 19 549 3.2 
Chronic lower respiratory diseases (J40 – J47) 7 15 823 2.6 
Certain disorders involving the immune mechanism ( D80-D89) 8 15 736 2.6 
Human immunodeficiency virus (HIV) disease (B20 – B24) 9 14 783 2.4 
Ischaemic heart diseases (I20 – I25) 10 13 025 2.1 
Other natural causes  254 741 42.0 
Non-natural causes  52 614 8.7 
All causes  607 184 100 
Source: Statistics South Africa, 2006 
 
The high burden of disease in South Africa is the primary cause of fully utilised or capacity 
constrained hospitals (Söderlund, 1999). The bed utilisation rate for tertiary hospitals 2005/2006 
were 72.2% (Monitoring and evaluation directorate, 2008). Telemedicine could possibly reduce 
the utilisation of healthcare professionals and hospitals by allocating resources more effectively. 
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3.2 TELEMEDICINE SYSTEMS FOCUS 
According to Taylor (2005) in implementing telemedicine systems it is necessary to determine 
whether it is safe, practical and worthwhile. The focus should be on the system, service and 
healthcare that are provided. Kastania (2008) confirms this and further identifies the following 
goals for applying telemedicine in primary healthcare: 
• The specialist should give immediate and complete participation in the treatment of the 
incident that can be treated only partially by the general practitioner 
• Estimations of diagnosis, therapy and transfers of the patient to secondary care services 
should be combined 
• Socio-economic consequences should be reduced in the family and society of a patient 
• Technical training of general practitioners and other healthcare professionals 
According to Kastania (2008) a primary healthcare telemedicine system should consist of a 
physician, basic diagnostic devices, the necessary equipment materials to handle emergencies 
and telephone devices. A matrix of telemedicine devices relevant for medical specialisation 
areas are illustrated in Table 2. 
TABLE 2: MATRIX OF TELEMEDICINE DEVICES AND MEDICAL SPECIALISATION AREAS 
Devices C
a
rd
io
lo
g
y
 
G
y
n
a
e
co
lo
g
y
 
R
a
d
io
lo
g
y
 
P
a
e
d
ia
tr
ic
s  
O
p
h
th
a
lm
o
lo
g
y
 
D
e
rm
a
to
lo
g
y
 
P
a
th
o
lo
g
y
 
E
a
r/
N
o
se
/T
h
ro
a
t 
Camera, still X X X X X X   X 
Camera, video X X X X X X   X 
Stethoscope X X   X         
Electrocardiogram X     X         
Colposcope   X             
Ultrasound probe X X X           
X-ray scanner / digital x-ray     X X         
Doppler flow measurement device X               
Retinal Camera         X       
Otoscope       X       X 
Ophthalmoscope       X X       
Dermascope       X   X     
Spirometer X     X         
Microscope             X  
Source: AMD Telemedicine (2009) 
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3.3 POLICY MAKERS 
The South African national department of health has identified telemedicine as a key technology 
to improve health systems in South Africa. Recent improvements in telecommunications 
resulting in digital globalisation have created networks connecting the urban communities of the 
country. There is an acute awareness that this communications network enabling development 
on a wide front is not available to rural communities. This includes the potential for 
telemedicine. Part of the strategy is to develop local expertise and sufficient skills to support 
implementation as well as the utilisation of opportunities such as mobile network expansion 
(NHIS 2001). 
Key deliverables identified by government include: 
• Functional Clinical Services to be provided in rural areas 
• Rural healthcare professionals to be educated and trained 
• Technical task teams are responsible for tele-education, clinical protocols, legal licensing 
ethics, infrastructure systems and guidelines 
• Development of an affordable, clinically acceptable primary care telemedicine 
workstation 
• Efficient management of data collected 
• Use and development of telecommunication infrastructure 
Telemedicine is focused on addressing the needs of historically disadvantaged communities. An 
objective of the telemedicine system will be to enhance the referral systems between 
community health centres, regional hospitals and central hospitals. The overriding goal is to 
effectively deliver primary healthcare (NHIS 2001). 
The telemedicine policy clearly states the goal that the implementation of telemedicine in South 
Africa should contribute to development priorities of the South African Development 
Community (SADC) region. The government is committed to render basic services to all South 
Africans as a fundamental right. This is in accordance with the Alma Ata declaration stating that 
healthcare is a fundamental human right (NHIS 2001). 
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4 BUILDING THE DATA WAREHOUSE 
The data warehouse can be described as the heart or distribution centre of this model. Data are 
extracted, transformed and loaded from data sources into the data warehouse for a data 
analysis that will provide tools for decision makers. The data warehouse is therefore central in 
this model. Data are collected and stored in a data warehouse from where analysis can be done.  
This chapter consist of the methods followed in this project to populate the data warehouse as 
well as the analysis methods and mathematical models used in building the decision support 
system. 
4.1 IDENTIFYING DATA SOURCES 
 
FIGURE 4: CLINICAL TELEMEDICINE DSS FRAMEWORK - DATA SOURCES 
4.1.1 PLAYING FIELD 
Gathering data in die healthcare environment is a complex problem. In the initial phases of the 
project, it was important for the author to build up a network of people involved in healthcare. 
The author was invited to the Health Information Systems assessment workshop. This workshop 
was initiated by Statistics South Africa and held in collaboration with the Department of Health. 
Only key stakeholders in health information systems were invited to attend the workshop. The 
author attended the workshop on 12-13 March, in Johannesburg on behalf of ms Jill Fortuin-
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Abrahams of the MRC. The aim was to determine whether the data needed for the study existed 
and to identify and meet the people that have possibly already gathered the data needed. 
The focus of the workshop was to assess current health information systems, and therefore was 
not directly relevant to this project. However, the workshop served as a good opportunity for 
the author to gain a broader knowledge of healthcare in general, the stakeholders involved and 
challenges concerning information systems. It became clear that the complexities in information 
systems are one of the reasons why gathering data in healthcare remain to be a challenge. 
The data relevant for telemedicine studies are mostly referral data and -patterns from one 
facility or specialist to another. This data are not specifically covered in most information 
systems. Another major problem is that in many clinics in South Africa the infrastructure is not 
adequate for good information systems. The result is that data are not electronically available, 
and must be gathered from clinic- or hospital files. 
The author met the following key persons at the workshop: 
• Dr S Khotu – Director of National Health Information System 
• Ms R Visser - Health System Trust, a non government organisation 
• Mr J Daniels - Head of health information and technology, City of Cape Town DOH 
4.1.2 INFORMATION SYSTEMS 
Mr J Daniels, head of health information and technology, at City of Cape Town health 
department agreed to meet with the research team regarding data. He is working on the 
Prehmis (Patient Record and Health Management Information System) project. The Prehmis 
system is an electronic patient record system co-developed by BDS (Business Data Solutions) for 
the City of Cape Town. The vision is to install this system in all clinics managed by the City of 
Cape Town. The Prehmis system will use wireless internet access and will store all patient details 
and visits centrally to ensure accurate and up-to-date statistics for decision making.  
The Prehmis system will enable the Health Directorate to make accurate and fast decisions with 
the accurate data available from the information system. This information can also be used for 
research purposes. However the Prehmis system is still under construction and therefore no 
data are available from this system at the moment. 
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Mr J Daniels was cooperative and gave the research team access to DHIS (District Health 
Information system) data for the Cape Town Metropolitan district. These are high level 
aggregate statistics that do not include any patient records, but from this data trends of patient 
visits to all the health facilities in the Cape Town Metropolitan district can be analysed. This data 
however are the property of Department of Health, and may not be published without ethical 
approval and permission from officials at the Department of Health. 
After permission was declined, a consensus decision was made that authorisation to publish the 
data would take too long for the purposes of this project. The research team decided that the 
student should visit facilities and collect data directly. Although it was not authorised that the 
aggregate data from the Cape Town Metropolitan district could be used, the processing of the 
data into histograms served a valuable purpose. This data processing served as a pilot study to 
show the author what was required and resulted in large time saving when the actual data was 
collected.  
The data from the Cape Town Metropolitan district proved that these were not the ideal regions 
to gather data for telemedicine applications in primary healthcare. In an urban district the clinics 
are close to hospitals and specialists. The logical conclusion can be made that patients often 
directly visit hospitals without being referred from a clinic or CHC. A patient will often informally 
be told to visit a hospital without a formal referral process. Academic hospitals and specialists 
are close to clinics, and transport is not as big a challenge as in rural districts. Telemedicine 
applications in South Africa will firstly be implemented in rural districts where doctors and 
specialists are scarce resources and transport costs are much higher because of typical South 
African rural characteristics. However, when authorities plan the implementation of 
telemedicine in urban areas, the data of the Cape Town Metropolitan district will be a key 
resource, later to be supplemented by the Prehmis data. 
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4.1.3 ETHICAL APPROVAL 
Ethical approval is of high importance in the healthcare and medical fields. Medical records of 
patients should be confidential and the privacy of the patients must be protected. However it is 
also necessary for healthcare researchers to have access to patient records, and ultimately 
improve healthcare. The access of patient records and other medical information should 
however be controlled by ethical guidelines and frameworks. 
Jill Fortuin-Abrahams, managing director of telemedicine at the MRC, has obtained ethical 
approval for telemedicine projects done at the MRC. This project falls under the ethical approval 
of these projects. It was therefore not necessary to go through a separate ethical approval 
process for this study. 
Patient records were accessed and captured under ethical guidelines. Names and addresses of 
patients were not included in the database. It was however necessary to include the file 
numbers of the patients, to reference the patient files for future use. The patients’ personal 
information can only be accessed from the patient files stored at the facilities, and not the 
database. The database therefore does not expose the privacy of the patients. 
4.1.4 FACILITIES CHOSEN FOR DATA COLLECTION 
The data collection facilities were chosen for developing a framework by which needs could be 
assessed, region by region throughout the whole of South Africa, with specific reference to rural 
areas where primary healthcare services are marginally supplied. With this end goal in mind the 
research team decided to use peri-urban areas in the Western-Cape (relatively close to the 
university) as the target areas for data collection. The facilities selected were Grabouw CHC, 
Robertson hospital and Ceres hospital.  
Initially Grabouw CHC, Villiersdorp Clinic and Elgin Clinic were targeted because of the ease of 
transport of the data collection team. It however became evident that some patients typically 
visit two or more of these clinics alternatively depending on transport opportunities. The result 
would have been duplications in the data and hence unreliable data. It also became clear from 
the data collected at Grabouw clinic that data of concern to telemedicine implementation 
namely referral cases would be more effectively captured from larger facilities such as small 
district hospitals. The decision was therefore made to shift the focus towards Robertson and 
Ceres hospitals. Table 3 contains general information of the facilities visited. 
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TABLE 3: INFORMATION ON THE FACILITIES VISITED FOR DATA COLLECTION 
Elements Grabouw CHC Robertson Hospital Ceres Hospital 
Type of Facility Community Health Centre District Hospital District Hospital 
Population Served unknown 85 000 94 000 
PHC Services /  
Hospital services  
Day care clinic 
24-Hour maternity service 
    
Number of beds:  46 Number of beds:  76 
Outpatients / month: 456 Outpatients / month: 510 
Admissions / month: 38 Admissions / month: 671 
Deliveries / month: 70 Deliveries / month: 112 
CaesarIan sections / month: 7 CaesarIan sections / month: 16 
    
Facilities  
4-hour casualty, Theatre, Labour ward, X-
ray facility, Ultrasound facility 
4-hour casualty, Theatre, Labour ward, X-
ray facility, Ultrasound facility 
Specialists 
 
Full 
time 
Part 
time 
 
Full 
time 
Part 
time 
 
Full 
time 
Part 
time 
Family Physician 3 1 Family Physician / PMO 1  Senior Medical Super 1  
  
 
Medical officer 1 2 Family Physician / PMO 1  
 Community service doctors 2  Medical officer 1 5 
 Physiotherapist 1  Community service doctors 3  
  Occupational Therapist 1  Physiotherapist  1 
   
Radiographer 1  Occupational Therapist  1 
 
Radiographer 2  
Dietician 1  
     
Clinics supported N/A 
Bergsig Clinic, Robertson Hospital PHC 
Clinic, Nqubela Clinic 
Nduli, Annie Brown, Bella Vista, Ceres 
Hospital PHC Clinic, Tulbagh, Wolseley, 
Op-die-berg 
Mobile clinics supported 1 team 3 teams 4 teams 
Home based care program Temba Care Breede River Hospice Sr Truter 
Referral Transport Ambulances Ambulances Ambulances 
Source: Worcester Region Family Medicine Training Complex, 2009
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4.2 DATA EXTRACT, TRANSFORM, LOAD 
The data sources were identified as discussed previously in this chapter. Data sources are 
however of little value if it can not be extracted, transformed and loaded in a suitable format to 
be analysed. In this section the extraction, transformation and loading processes of the data 
sources are discussed. 
 
FIGURE 5: CLINICAL TELEMEDICINE DSS FRAMEWORK - EXTRACT, TRANSFORM, LOAD 
4.2.1 DATA EXTRACTION 
Data were primarily extracted from physical hand-written patient files primary healthcare 
facilities in the Western Cape. The author and her team of two data capturers spend 8 days at 
Grabouw CHC, 2 days at Robertson and 2 days at Ceres district hospitals. As discussed previously 
these facilities were selected, because they are considered to be representative of the type of 
facilities that correspond to the focus of this project. 
A secondary data source is selected, namely data captured by hospital information systems 
(HIS), in this case Delta 9. The ideal situation would be one where all necessary data are 
available within the HIS and extracted, transformed and loaded (ETL) to the data warehouse 
through standard and automatic processes. 
There are different levels of specialisation of healthcare professionals in South Africa. In primary 
healthcare the patients’ first consultation is at the professional nurse. The professional nurse 
might refer the patient to the doctor if necessary. The doctor will then diagnose the patient and 
Building the data warehouse   Page 22 
Stellenbosch University  - Department of Industrial Engineering 
in some cases he will refer the patient to a specialist doctor. The specialist doctor might also 
refer the patients to another specialist or hospital. A diagram for patient referrals between 
healthcare professionals is illustrated in Figure 6. 
 
 
 
 
 
 
FIGURE 6: PATIENT REFERRALS 
 
Thus, for this project two types of patient referrals are identified, patient referrals from a 
professional nurse to a doctor and patient referrals from a doctor to a specialist doctor.  The 
data obtained from the two different types of referrals are expected to have different 
characteristics. The data from each type of referral are therefore stored and analysed 
separately. The data from different facilities are also expected to be different and are analysed 
separately.  
The extraction processes from the different facilities are compared in Table 4. Data extraction 
processes were similar for the different types of referrals as well as for the different facility 
types. Data were extracted from patient files at Grabouw in contrast to the trauma books used 
and Robertson- and Ceres hospitals. The hospital-to-hospital referral data were extracted from 
an information system at Ceres hospital that resulted in a less complex extraction method and 
more accurate data. 
 
 
 
 
Patient Professional nurse Doctor Specialist Doctor 
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 TABLE 4: DATA EXTRACTION AT THE FACILITIES 
Description Grabouw CHC Robertson Hospital Ceres Hospital 
Facility type CHC District Hospital District Hospital 
Sequence visited First Second Third Fourth 
Type of referrals  Professional nurse-to-doctor Professional nurse-to-doctor Professional nurse-to-doctor Doctor-to-specialist 
Referral processes 
Patients are seen by professional 
nurses and then referred to 
doctor if necessary. Only doctors 
refer to other facilities. 
Patients visit trauma unit first 
and are seen by the professional 
nurse and doctor. They can be 
admitted or referred from here  
Patients visit trauma unit first 
and are seen by the professional 
nurse and doctor. They can be 
admitted or referred from here 
After patients were admitted 
they can be referred to other 
hospitals. Emergency cases 
can be referred from trauma 
Data Sources Patient files Trauma books Trauma books Delta 9 - information system 
Attributes 
collected 
Facility, file number, gender, 
birth date, visitation date, reason 
for visitation, referral facility  
Facility, file number, gender, 
birth date, visitation date, reason 
for visitation 
Facility, file number, gender, 
birth date, visitation date, reason 
for visitation 
Facility, gender, birth date, 
referral date, reason for 
referral, referral facility 
Data sets collected 299 369 307 518 
Sample % 3.7% unknown 2.1% 100% 
Overhead Statistics Collected for 2008 Unavailable at the time Collected for 2008 Collected for 2008 
Data collection 
method 
Random dates in 2008 were 
generated using MS Excel. 
Random cases were selected 
from the doctors’ appointment 
books for each date.  
Files were drawn and data 
entered into the database 
Random dates in 2008 were 
generated using MS Excel. 
Random cases were selected 
from the trauma books for each 
date. Data were entered into the 
database 
Random dates in 2008 were 
generated using MS Excel. 
Random cases were selected 
from the trauma books for each 
date. Data were entered into the 
database 
A report of all the referrals 
from Ceres hospital to other 
hospitals was drawn from the 
Delta 9 information system. 
The report was printed and 
entered into the database 
Assumptions made 
Internal referrals from 
Professional nurse to doctor are 
the same as referrals to other 
facilities if there were no doctor 
Internal referrals from 
Professional nurse to doctor are 
the same as referrals from clinics 
to district hospital 
Internal referrals from 
Professional nurse to doctor are 
the same as referrals from clinics 
to district hospital 
All referrals from Ceres 
hospital to other hospitals 
were documented 
Some challenges 
faced 
• Referral cases not specifically 
documented 
• Unfamiliar/vague diagnoses 
• Limited space in admin room 
• Unfamiliar/vague diagnoses 
• Overhead statistics unavailable 
at the time of data collection 
• Collection done on a Friday, 
admin staff not very helpful 
• Unfamiliar/ vague diagnoses 
• Abbreviations used 
• 1 trauma book was unavailable 
• Some file numbers were not 
documented  
• Unfamiliar/vague diagnoses 
• File numbers unavailable 
Building the data warehouse  Page 24 
Stellenbosch University  - Department of Industrial Engineering 
4.2.2 DATA TRANSFORMATION 
As part of the data transformation process, firstly data were cleaned in order to eliminate 
ambiguity and incomplete or incorrect entries. Furthermore, to protect the anonymity of 
patients, data that could reveal the identity of patients were removed. 
In many cases symptoms were documented in the patient files. The data capturers did not make 
assumptions from patient symptoms, but recorded the symptoms as documented by the 
healthcare professionals into the database. The list of diagnoses and symptoms from the 
database was revised, transforming the symptoms to existing medical terms where necessary. 
The data transformation process ensured uniformity of diagnoses that made data analysis 
possible. The list of diagnoses obtained from this project can be used in future projects that 
would result in a less extensive data transformation process. 
4.2.3 DATA LOADING 
A MS-Access database was developed to contain the referrals data mart. It served as an 
effective tool that can be used to store information. The information stored can be accessed at 
any time, in a number of different formats. Reports can be drawn from the database to 
selectively examine only certain aspects of the data. These reports can then be used to do a data 
analysis relevant for the study or research purposes. 
The database was developed after the arrangements had been made to visit primary healthcare 
facilities for data capturing. The database was designed to store the data obtained from the data 
collection in a suitable format that will enable the user to obtain the data at a later stage.  
Data storage can be considered as the core of an information system. The development of the 
database as part of an information system for this project is discussed with reference to the 
system development life cycle according to Kendall (2008). A database is only a part of an 
information system. The information system designed for this project consists mainly of the 
database and therefore all the phases in the system development life cycle are not equally 
relevant to the system development within this project. In designing a database it is important 
to consider the database as part of a system. The whole development cycle was therefore 
conceptualised with little reference to the details of the development of the database. A 
diagram of the system development life cycle is illustrated in Figure 7 below. 
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FIGURE 7: SYSTEM DEVELOPMENT LIFE CYCLE (KENDALL, 2008) 
4.2.3.1 SYSTEM DEVELOPMENT LIFE CYCLE 
1. IDENTIFYING PROBLEMS, OPPORTUNITIES, AND OBJECTIVES 
The objective of the information system is to store and use the data collected effectively. The 
database will be used for further data collection and analysis in similar research that will follow 
on this project. 
Some of the challenges identified in developing the database were the following:  
• PHC facilities work primarily with paper files, little data are available in electronic format 
• Not all PHC facilities use the same information systems 
• Different types of PHC have different patient diagnostic and treatment processes 
2. DETERMINING HUMAN INFORMATION REQUIREMENTS 
The requirements of these people involved were the following: 
• Author and study leader 
– Reliable data in the form of reports for data analysis 
• Data capturing assistants 
– User friendly data input interface, enabling more than one data capturer 
• Database developer expert 
– Adequate information about the system to ensure a functional database 
• Telemedicine project managers 
– Database should be a generic tool usable for future data collection and research 
2. Determining human 
information requirements
3. Analysing system 
needs
4. Designing the 
recommended system.
5. Developing and 
documenting software
6. Testing and 
maintaining the system
7. Implementing and 
evaluating the system
1. Identifying problems, 
opportunities and objectives
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3. ANALYZING SYSTEM NEEDS 
A database that will store data from the data obtained from patients’ files was proposed. 
Conceptual level data flow diagrams were constructed. As the project progressed, changes were 
made regarding the type of data stored. This resulted in the system requirements being revised 
and refined over the course of the project. 
4. DESIGNING THE RECOMMENDED SYSTEM 
A basic system was designed as a prototype. It was necessary to design the system before 
viewing typical patient files. This resulted in the situation that the system was developed based 
on anticipated requirements (technology push). During a system demonstration, prior to 
implementation, further requirements were identified that were incorporated into the design.  
5. DEVELOPING AND DOCUMENTING SOFTWARE 
The database was developed and enhanced as a continuous process. Necessary improvements 
were identified, developed and implemented during the first week of data capturing.  
6. TESTING AND MAINTAINING THE SYSTEM 
The system was tested several times within the development life cycle. A demonstration with 
fictional data served as the first formal test. After the demonstration the system was enhanced 
and tested again with fictional data. Within the first week of data collection the system was 
tested with the real data and enhanced daily. After visiting the second and third facilities 
respectively, further maintenance of the system took place. 
7. IMPLEMENTING AND EVALUATING THE SYSTEM 
The system was originally designed for only one person. However as the project developed it 
was decided that three data capturers were necessary. A web interface needed to be designed 
in order for more than one person to capture data simultaneously. However this was not done 
in this project because the data requirements changed regularly.  
DATABASE DEVELOPMENT A CONTINUOUS PROCESS 
The process or life cycle for developing the database will continue in future projects. Figures of 
the database developed can be seen in Appendix A. The relationship diagram of the database is 
shown in Appendix C. The entities in the database can be seen on the relationship diagram.  
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4.3 DATA WAREHOUSE 
The data warehouse comprises of two data marts, namely the Technology Data Mart and the 
Referrals Data Mart. The technology data mart is a repository of medical equipment and 
subcomponents that can potentially make up a telemedicine workstation. Component, 
assembling, operational and maintenance costs are typically included in this data mart. For the 
purposes of this project the technology data mart was populated specifically directed towards 
the data analysis done in this project.  
A significant portion of this project went into the extraction, transformation and loading (ETL) of 
patient data into the Referral Data Mart as discussed previously in this chapter.  
 
FIGURE 8: CLINICAL TELEMEDICINE DSS FRAMEWORK – DATA WAREHOUSE 
 
4.3.1 REFERRALS DATA MART 
The referrals data mart was populated using the patient diagnosis data extracted, transformed 
and loaded into the database. The types of diagnoses occurring at the healthcare facilities are 
contained in the referrals data mart. Aggregate data contributing to referral patterns at the 
healthcare facilities are also contained in the referral data mart. 
 The diagnoses extracted from the patient files and information systems were transformed into 
existing medical terms. The referrals data mart therefore contains a generic list of diagnoses.  
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The referrals data mart was used to do the diagnoses data analysis according to the decision 
support system. For the purposes of this project the amount of data contained in this data mart 
is adequate only for a specific region. This data mart should therefore be populated with data 
representing a larger region to broaden the scope of decisions made using the data warehouse. 
4.3.2 TECHNOLOGY DATA MART 
Market research was done to identify the standard telemedicine devices available for 
implementation. The goal of this market research was not to identify the best devices available 
but simply to identify the scope of telemedicine equipment and functionalities. 
The devices used for different telemedicine applications were used together with the diagnosis 
data to determine what devices would be used in the different facilities. 
The relationship between devices and diagnosis were determined. Devices were assigned to 
each diagnosis. A study was done to determine the functionality of each device. The symptoms 
and procedures of each diagnosis were taken into consideration with the assignment of devices 
to diagnoses. The relationship between devices and diagnosis are considered adequately 
accurate as the work was done in collaboration with a biomedical engineer experienced in 
telemedicine. It is beyond the scope of this project to do a detailed analysis of telemedicine 
devices applicable to each diagnosis. A more detailed analysis is however to be conducted on 
the level of comprehensive medical process analysis for each diagnosis. This is considered to be 
advisable to ensure accurate results and decision making, before this needs analysis is deployed 
as a tool for actual telemedicine implementation. 
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4.4 DATA ANALYSIS 
 
FIGURE 9: CLINICAL TELEMEDICINE DSS FRAMEWORK – DATA ANALYSIS 
4.4.1 TRENDS ANALYSIS 
Pareto analysis is a statistical technique in decision making that is used for selection of a limited 
number of tasks that produce a significant overall effect. It uses the Pareto principle, namely by 
focusing on approximately 20% of the effort or cost, approximately 80% of the benefit can be 
accomplished (Allais, 1968). An example of one of the Pareto diagrams compiled to support 
decision making, is shown under the Data Analysis heading of Figure 9. Such a Pareto diagram 
can guide the technology developers in deciding, within a certain context, what is the minimum 
configuration of devices that will address the maximum of patient needs. 
The trend analysis is not limited to the Pareto analyses. For example, it was found that the 
pattern of referral between CHC and hospitals differs significantly from the patterns of referral 
between district hospitals and tertiary hospitals. The output of the DSS can guide decision 
making with respect to the positioning of technology within certain healthcare facilities. The 
telemedicine needs at a DHC differs from the healthcare needs of a tertiary hospital. 
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4.4.2 PARETO ANALYSIS OF DIAGNOSIS 
Reports are drawn from the database. Diagnoses are categorised according to the medical 
classification, facility and type of referral. The occurrence of each diagnosis within each category 
is accumulated. The occurrences of the diagnoses are presented in a table, detailed in Appendix 
C. For each diagnosis a percentage was calculated according to total referrals at the facility. A 
cumulative distribution is drawn for every facility (refer Chapter 5.2). 
4.4.3 PARETO ANALYSIS OF DEVICES RELEVANT TO DIAGNOSES 
Reports, from the database, were drawn for the devices that would have been used if available 
at each facility. These reports contained the occurrence of each potential device utilisation 
according to the facility, medical category and type of referral. The occurrences of the devices 
utilised are presented in the tables in Appendix C. The occurrences are also presented as a 
percentage of total referrals at the facility. A cumulative distribution is presented in Chapter 5. 
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4.5 MATHEMATICAL MODELS 
 
FIGURE 10: CLINICAL TELEMEDICINE DSS FRAMEWORK – MATHEMATICAL MODELS 
4.5.1 ENGINEERING ECONOMICS 
Engineering economics is a subset of economics for application to engineering projects. 
Engineers seek solutions to problems, and the economic viability of each potential solution is 
normally considered along with the technical aspects (Boehm, 1981). The combined outputs 
from the referral data mart and technology data mart are used to support decision making 
related to the time value of money, buy-or-lease options and cash flow implications. 
In the economic analysis the cost implications for the implementation of each device are 
calculated. Capital-, implementation-, running- and referral costs were taken into consideration. 
It was beyond the scope of this project to do a detailed cost analysis of telemedicine 
implementation. The economic analysis is a prerequisite for the decision making model. It was 
therefore done as a broad overview, making use of various estimates. Outstanding issues are 
the situation that local development has not been completed and preferable imported 
equipment has not been identified. A more accurate analysis will however be required to ensure 
more accurate results from the decision making model when used for actual implementation 
decisions, even though it may be an iterative process. 
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4.5.2 FIXED CHARGED MIXED INTEGER PROGRAMMING 
Linear programming (LP) is a mathematical modelling technique for optimisation of a linear 
objective function. It determines the way to achieve the best outcome - such as maximum profit 
or lowest cost – in a given mathematical model and given some list of requirements represented 
as linear equations (Winston, 1994). The Fixed Charge Mixed Integer Programming problem is a 
specific LP application that is suitable to support decisions with respect to the selection of 
equipment and components.  
The objective function of this model is to maximize the benefit from a certain technology 
configuration, given the cost thereof. This model uses information drawn from both data marts 
as input. The output is a function of the number of expected referrals that can be facilitated by 
the selected technology configuration (Referrals Data Mart), whilst the technology costs are 
contained by the Technology Data Mart. This LP model is validated and verified based on some 
cost estimates. However, until the Technology Data Mart is not completely stocked, this part of 
the DSS is not available. 
By linking these mathematical models to the data warehouse, this clinical DSS could be used to 
support decision making towards the needs driven development and implementation of 
telemedicine.  
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5.1 AGGREGATE
It is a standard procedure at health facilities to document statistical data for the facility. In this 
project the aggregate statistics of the facilities visited was used to evaluate referral trends at the 
facilities for 2008. The aggregate 
relevant categories in a facility. The 
are as follows:  
•  Total headcount at the facility
• Number of patients seen by  professional nurse
• Number of patients seen by  doct
• Number of patients seen by  doctor
In Figures 11 and 12 it is shown
professionals varies for the differ
by the doctors, while at Grabouw CHC the majority of cases were seen by the professional 
nurses. This trend could be expected because of the level of special
healthcare facilities.  
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5 RESULTS 
 STATISTICS OF THE FACILITIES 
statistics of a facility are involves patient headcounts for 
headcount figures taken into consideration for this project 
 
s 
ors that were referred by  professional nurse
s that were not referred by professional nurse
 that the amount of cases seen by the different 
ent facilities. At Ceres hospital the majority of cases were seen 
isation at the different 
11: CERES HOSPITAL - AGGREGATE STATISTICS 
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the 
s 
s 
healthcare 
 
PHC (curative) 
cases seen by 
Professional Nurse 
not referred to 
doctor
PHC (curative) 
cases seen by 
doctor and 
Professional Nurse
PHC (curative) 
cases seen by 
doctor and not by 
Professional Nurse
Results 
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The percentage of referrals between the professional nurse and the doctor are substantially 
higher at Grabouw CHC than at Ceres hospital. This can be explained by 
treated at the hospital are already specialised. The professional nurse would therefore not have 
a formal consultation with the patient and a doctor would be consulted immediately.
It is expected that the aggregate
cases seen by the doctor. Clinics mostly 
available, patients are informally referred to the nearest district hospital. The professional 
nurses might also consult with a doctor telephonically. This consultation can be classified as 
telemedicine. However this mostly occurs informally and is rarely documented.
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the fact that the cases 
 statistics for a clinic would show an even lower percentage of 
function utilising a visiting doctor.
12: GRABOUW CHC - AGGREGATE STATISTICS 
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 If the doctor is not 
 
 
 
PHC (curative) 
case seen by 
professional nurse 
and not by doctor
PHC (curative) 
case seen by 
doctor and 
Professional 
Nurse
PHC (curative) 
case seen by 
doctor and not 
professional nurse
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The number of referrals from Ceres hospital to other hospitals 
this figure it can be seen that 
of cases seen by the doctor is very low. The total number of cases seen by the doc
14708. The total number of referrals for 2008 is 500 cases. The percentage of cases referred to 
other hospitals with reference to the total number of cases seen by the doctor was only 3.4%. 
Although the percentage of referrals was very low 
district hospital might have a higher percentage of referrals.
refers fewer patients because
FIGURE 
 
Figure 14 illustrates the distribution of the referrals on a monthly basis for 2008. In October 69 
patients were referred to other hospitals that make it the month with the highest number of 
referrals. June, with 25 referred cases i
cases per day was referred to other hospitals. 
Not all of the 500 referrals can be considered as telemedicine cases. Referrals from one hospital 
to another include for example
telemedicine cases. Further analysis of the specific cases within the 500 referrals 
the Pareto analysis. 
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is depicted in figure 
the percentage of referral cases with respect to the total number 
for this hospital, it is expected that other 
 It is possible that
 it is seen as one of the best district hospital in its region.
13: CERES HOSPITAL - CASES SEEN BY DOCTOR 
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13 below. In 
tor in 2008 is 
 
 Ceres hospital 
 
 
was done in 
Referred to 
other hospital 
by doctor
PHC (curative) 
cases seen by 
doctor not 
referred to 
other hospital
Results 
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1.4 referrals per day appear to be very low. It might be argued tha
for implementing telemedicine at this hospital. The feasibility of implementing a workstation at 
this facility will however be determined by taking into consideration the various factors, and are 
not based upon these statistics alone. The feasibility of the telemedicine workstation at this 
facility is determined using the clinical telemedicine decision support system as explained 
previously in the introduction and methodology chapters of this report. 
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t this indicates a low feasibility 
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5.2 PARETO ANALYSES 
The Pareto analysis for the diagnoses was done separately from the devices Pareto analysis. In 
this section the Pareto analyses for Ceres Hospital (hospital-to-hospital) are discussed in detail. 
The diagnoses and devices Pareto analyses for the other facilities are illustrated in two separate 
tables. Detailed data tables and graphs are included in Appendix D. 
5.2.1 CERES HOSPITAL: HOSPITAL-TO-HOSPITAL REFERRALS  
As discussed in the aggregate statistics section, 500 patients were referred from Ceres hospital 
to other hospitals in 2008. From the 500 patients, and their related cases, 518 diagnoses were 
captured into the database. The reason for this is the fact that a patient may have more that one 
diagnoses. E.g. a patient can have lacerations and a fracture. These diagnoses are treated 
differently and will require different telemedicine equipment.   
Figure 15 illustrates the occurrences and the cumulative percentages of the diagnoses at Ceres 
hospital. The diagnoses are sorted from highest to lowest occurrences, and are shown horizontal 
axis of the graph. The graph demonstrates the trend for the diagnoses. The Pareto principle 
states that 20% of the cases occur 80% of the time. In this distribution 42% of the diagnoses 
occurred 80% of the time. The data therefore did not precisely follow the Pareto principle. 
However the principle of some diagnoses occurring significantly more than others did occur. 
 
FIGURE 15: CERES HOSPTIAL - CASES REFERRED TO OTHER HOSPITAL PER DIAGNOSES 
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The diagnosis that occurred most frequently were orthopaedic fractures with 40 referrals made 
for this reason in 2008. Table 5 illustrates that psychosis, tuberculosis, lacerations, concussions 
and diabetes were some of the other diagnoses that occurred frequently. 
There were 90 diagnoses that only occurred only once. These cases included for example a 
surgical amputation, a paediatric skull fracture and an orthopaedic spinal injury. Tables with all 
the diagnoses used for the Pareto analysis can be found in Appendix D. 
 
TABLE 5: TOP 10 DIAGNOSIS OCCURENCES AT CERES HOSPITAL (TO OTHER HOSPITALS) 
Rank Category Diagnosis Occurrence % 
1 Orthopaedic fracture 40 7.505% 
2 Medical psychosis 34 6.379% 
3 Medical Tuberculosis 33 6.191% 
4 Surgical laceration 19 3.565% 
5 Medical concussion 15 2.814% 
6 Medical diabetes 14 2.627% 
7 Obstetric PET (Positron emission tomography) 13 2.439% 
8 Obstetric giving birth 10 1.876% 
9 Paediatric Pneumonia 9 1.689% 
10 Paediatric premature baby 9 1.689% 
 
It is inadequate to identify the devices relevant for the top 40% of the diagnoses for 
telemedicine devices implementation and development. The diagnoses with lower occurrences 
could require the same devices as the frequent diagnoses and may cumulatively result in a 
different Pareto distribution.  For device requirements therefore, a fundamental Pareto analysis 
using the full data set for a facility, is used. 
A modified Pareto analysis was done on the devices used for each diagnosis. The Pareto graph 
showing the devices necessary for telemedicine used in 2008 at Ceres hospital is shown in Figure 
16. The term “not telemedicine” is used for the cases that could not have been replaced with 
telemedicine. These cases, not referred were mostly surgical cases. The “not telemedicine” 
cases are shown in the colour orange on the graph but are not calculated in the cumulative 
percentage as they are not considered to be telemedicine cases.  
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The “basic workstation” concept in this context is a telemedicine workstation without digital 
medical devices added to the workstation. The basic workstation “device” is always chosen first 
of the devices because no other devices could be used without the basic workstation. 
For the Ceres hospital-to-hospital cases the digital still camera is required for most cases, with a 
total of 216 occurrences and 21.16% of the total cases.  168 of the referrals, or 16.45% were 
“not telemedicine” cases. The second most important device at this facility, apart from the basic 
workstation and camera, was the X-ray scanner (digitiser) with 135 cases, 13.22%. The least 
used device was the otoscope which would have been used only once in 2008.  
The Pareto majority or 80% of the referral cases are utilising telemedicine using the basic 
workstation and 70% of the devices. 70% of the devices are 10 of the devices. This is largely 
because 16.45% of the referral cases cannot be handled with telemedicine regardless of the 
devices used. More realistically, 6 devices will cover 70% of referral cases using telemedicine.  
 
FIGURE 16: CERES HOSPTIAL - CASES REFERRED TO OTHER HOSPITAL PER DEVICE 
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TABLE 6: DIAGNOSES DISTRIBUTIONS PER FACILITY 
Description Grabouw CHC Robertson Hospital Ceres Hospital 
Type of 
referrals 
Professional nurse-to-doctor Professional nurse-to-doctor Professional nurse-to-doctor Doctor-to-specialist 
Graph of 
distribution 
    
Top 10 
occurrences of  
diagnoses 
 Diagnoses %  Diagnoses %  Diagnoses %  Diagnoses % 
1 hypertension 9.03 injury 16.8 diarrhoea 7.88 fracture 7.50 
2 tuberculosis 5.35 abscess 5.42 assault 7.53 psychosis 6.37 
3 diabetes 4.68 hypertension 3.52 injury 6.85 tuberculosis 6.19 
4 arthritis 3.68 epilepsy 3.25 X rays 4.80 laceration 3.56 
5 epilepsy 3.68 diarrhoea 2.98 difficult breathing 4.45 concussion 2.81 
6 injury 3.34 X rays 2.98 vomiting 4.45 diabetes 2.62 
7 fracture 3.01 difficult breathing 2.71 abscess 4.11 PET  2.43 
8 diarrhoea 2.68 wound 2.71 fracture 3.43 giving birth 1.87 
9 angina 2.34 assault 2.43 hypertension 3.43 Pneumonia 1.68 
10 asthma 2.01 vaginal bleeding 2.43 psychosis 2.74 premature baby 1.68 
 
56% of diagnoses occurred 
80% of the time 
39% of diagnoses occurred 80% 
of the time 
38% of diagnoses occurred 80% of 
the time 
42% of diagnoses occurred 80% 
of the time 
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TABLE 7: DEVICES DISTRIBUTIONS PER FACILITY 
Description Grabouw CHC Robertson Hospital Ceres Hospital 
Type of referrals Professional nurse-to-doctor Professional nurse-to-doctor Professional nurse-to-doctor Doctor-to-specialist 
Graph of 
distribution 
   
Occurrences of 
devices 
 Device % Device % Device % Device % 
 Not Telemedicine  2.16 Not Telemedicine 1.81 Not Telemedicine 3.37 Not Telemedicine 16.45 
 Basic workstation 3.65 Basic workstation 5.15 Basic workstation 5.22 Basic workstation 2.06 
1 Camera - still 22.55 Camera - still 30.04 Camera – still 26.09 Camera - still 21.16 
2 Blood pressure 15.42 X-ray scanner 17.52 Thermometer 12.96 X-ray scanner 13.22 
3 X-ray scanner 13.43 Thermometer 10.43 Blood pressure 12.63 Stethoscope 10.48 
4 Stethoscope 12.94 Blood pressure 9.60 X-ray scanner 12.46 Blood pressure 9.50 
5 Electrocardiogram 9.78 Stethoscope 9.32 Stethoscope 11.28 Thermometer 7.15 
6 Microscope 4.98 Electrocardiogram 3.48 Spirometer 3.87 Electrocardiogram 5.48 
7 Thermometer 4.31 Spirometer 3.34 Electrocardiogram 3.20 Microscope 3.82 
8 Ophthalmoscope 3.15 Microscope 2.36 Ultrasound probe 2.53 Ultrasound probe 3.43 
9 Ultrasound probe 2.32 Ophthalmoscope 2.36 Ophthalmoscope 2.02 Spirometer 2.06 
10 Spirometer 1.82 Retinal Camera 1.25 Microscope 1.85 Ophthalmoscope 1.76 
11 Endoscope 1.33 Endoscope 1.11 Retinal Camera 1.01 Endoscope 1.57 
12 Otoscope 1.00 Ultrasound probe 1.11 Camera – Video 0.51 Camera - Video 1.37 
13 Retinal Camera 0.66 Camera - Video 0.83 Endoscope 0.51 Retinal Camera 0.39 
14 Doppler flow 0.33 Otoscope 0.28 Otoscope 0.51 Otoscope 0.10 
15 Camera - Video 0.17       
80% of the cases 
addressed with: 
Basic workstation & 6 devices Basic workstation & 5 devices Basic workstation & 5 devices Basic workstation & 10 devices 
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5.3 COMPARISON BETWEEN THE FACILITIES 
A comparison between the facilities is made in terms of the devices relevant for each facility. In 
Figure 17 the devices relevant to each facility are shown in terms of percentage usage. From this 
figure it can be seen that the digital still camera are the device with the highest utilisation across 
the facilities. The device with next highest average occurrences between the facilities is the x-ray 
scanner. The blood pressure measurement device, stethoscope and thermometer are all devices 
that would have been frequently used if implemented in the facilities in 2008. 
 
FIGURE 17: COMPARISON BETWEEN DEVICES FOR ALL THE FACILITIES 
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5.4 ECONOMIC FEASIBILITY OF TELEMEDICINE APPLICATIONS 
There are many different telemedicine workstations with peripheral devices available on the 
market today. However, at the stage this project was completed, suppliers and support 
structures had not been finalised resulting in costs being estimates rather than accurate figures. 
The engineering economy analysis was done to illustrate the clinical telemedicine decision 
support system as discussed in throughout this report. 
It is beyond the scope of this project to do a detailed cost analysis. The amounts in this section 
should therefore be seen as approximate but realistic figures. Table 8 illustrates the estimated 
costs with a description and a price (in SA Rand) for telemedicine devices as well as the MRC/SU 
and other basic workstations. The project did not include research to identify the broad 
spectrum of telemedicine manufacturers and determine the best prices for the devices. Prices of 
the devices were given by a telemedicine expert and are considered to be conservative 
estimates. Although the prices used for the devices are not those of AMD Telemedicine, 
descriptions and photographs of the AMD telemedicine devices can be found in Appendix G.  
TABLE 8: GENERAL TELEMEDICINE EQUIPMENT PRICES 
Devices Description Price (SA Rand) 
Basic telemedicine workstation MRC/SU Workstation  R      50,000.00  
Basic vital signs monitor Chinese workstation  R    150,000.00  
Basic workstation with  
video conferencing 
Tanburg  R    175,000.00  
Polycom  R    155,000.00  
Sony  R    120,000.00  
Blood pressure meter 
 
 R        3,000.00  
Camera, still 
 
 R      20,000.00  
Camera, video 
 
 R      20,000.00  
Dermascope 
 
 R      20,000.00  
Doppler flow measurement 
 
 R      25,000.00  
Electrocardiogram 
 
 R      20,000.00  
Endoscope 
 
 R      30,000.00  
Microscope 
 
R        3,000.00         
Ophthalmoscope 
 
 R      25,000.00  
Otoscope 
 
 R      15,000.00  
Retinal Camera 
 
 R      25,000.00  
Spirometer 
 
 R      10,000.00  
Stethoscope 
 
 R      10,000.00  
Thermometer 
 
 R        4,000.00  
Ultrasound probe 
 
 R      12,000.00  
X ray scanner 
 
 R      65,000.00  
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As illustrated in Table 8, the MRC/SU telemedicine workstation developed for South African 
telemedicine implementation is a fraction of the cost of the other telemedicine workstations. 
The economic analysis is done with reference to the MRC/SU workstation. The reason for this is 
because this project was jointly initiated by the MRC and Stellenbosch University for further 
development and implementation of this workstation. The workstation uses a 3G 
communication device and includes a blood pressure measurement device, scale and digital still 
camera. The implementation and running cost for the MRC/SU telemedicine workstation have 
already been calculated by the MRC and is shown in Table 9.  
 
TABLE 9: TELEMEDICINE IMPLEMENTATION AND RUNNING COSTS 
Cost item Description Price (SA Rand) 
Implementation costs  per workstation  R     5,000.00  
Running costs per year, per workstation  R     9,000.00  
Source: Jill Fortuin-Abrahams, MRC Telemedicine managing director  
 
Literature reviews have shown that it is rather complex to accurately calculate telemedicine cost 
benefits in terms of referral cost between primary healthcare facilities (Taylor, 2005). There are 
many factors that need to be taken into consideration for example transport cost per distance 
unit, the distance travelled for referrals, specialist salaries, specialist time spent with the case, 
hospitalisation costs, hospital utilisation, administration costs etc.  
It is beyond the scope of this project to calculate referrals costs accurately. However referral 
costs are an essential part of the economic analysis, and therefore also the decision making 
model. A first estimate of referral costs are calculated in Table 10. 
The Ceres hospital-to-hospital data were used to estimate the average distance travelled for 
referrals in this estimation. These averages include the kilometres travelled per patient referral 
in 2008, the difference between the hospitalisation costs for Ceres hospital and Worcester 
hospital (the hospital most of the Ceres case were referred to in 2008). For the purposes of this 
analysis it is assumed that the doctors and specialists spend the same time on a case with using 
telemedicine as without telemedicine. The doctor and specialist rates are therefore not 
incorporated in the calculations.  
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In the government rates for ambulances, the rate for long distance patient transport is quoted 
as R 14.10 per km (Ambulance Services, 2009). This is the rate charged to paying patients. It is 
unknown how this rate is compiled. There is little doubt that this rate includes fixed costs 
distributed on a per km basis. It would be inaccurate to claim that this full cost would be saved 
by using telemedicine. In accordance with the throughput accounting approach advocated by 
the Theory of Constraints philosophy, only direst variable costs will be saved when the number 
of trips is reduced by the use of telemedicine. Direct variable costs are estimated to be R 7-00 
per km based on the running cost of a similar vehicle in the university’s fleet. In the long term 
however, successful implementation will reduce the demand for ambulances implying that 
capital expenditure will ultimately be reduced.  
The same argument does not apply to the hospitalisation.  In healthcare the capacity of tertiary 
(academic) hospitals is fully utilised or capacity constrained (Söderlund, 1999). It could be seen 
as the constraint or bottleneck in the healthcare system as bed utilisation in tertiary hospitals is 
72.2% (Monitoring and evaluation directorate, 2008). Taking population growth and pandemic 
illness (AIDS, TB) increase into account, the demand on hospital beds is expected to rise 
(Söderlund, 1999).  In the calculation in Table 10 only the estimated difference between the 
different hospitals is taken into account. This amounts to a conservative estimate of the savings 
that can be attributed to telemedicine healthcare. 
TABLE 10: REFERRAL COSTS SAVINGS FOR TELEMEDICINE PER TELEMEDICINE CASE 
Symbol Referral Costs Description Averages Price (SA Rand) 
A Ambulance transfer R 7/km* 120 km R 840.00 
C Hospitalisation (District hospital) R 1128/day 3.3 days R 3722.00 
W Hospitalisation (Academic hospital) R 1300/day 3.3 days R 4290.00 
 Cost saved per referral with telemedicine =  A+(W-C) R 1012.00 
 
Table 11 illustrates the telemedicine referral cost saving estimates for Ceres Hospital. The 
calculations were made to estimate annual cost savings with the telemedicine workstation. As 
illustrated in Table 8 and 9, the MRC/SU workstation would require a capital amount of R 50 000 
and implementation cost of R 5000. It is expected that the telemedicine workstation would have 
a lifetime of 5 years. After 5 years the technology would become obsolete and it would most 
probably be replaced. Annual payments are calculated as R 13 189.87 using the Excel Formula 
for payments, PMT with inflation estimated at 10%.  
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It was observed from the Ceres Hospital-to-hospital device distribution that 164 cases could 
have been referred in 2008 with the MRC/SU workstation. In this calculation we assume that 
80% of these cases were successfully referred with the telemedicine workstation, and were not 
referred at a later stage. The annual cost savings for 2008 at Ceres hospital are therefore 
calculated using 80% of the 164 cases multiplied by the cost saved per referral from Table 10.  
By subtracting the annual costs from the annual cost savings the total annual cost savings are 
calculated as R 248 216.53, illustrated in Table 11. 
 
TABLE 11: TELEMEDICINE REFERRAL COST SAVING ESTIMATES FOR CERES HOSPITAL 
 Description Annual cost savings Annual cost 
Annual payments for workstation and 
implementation  
R   13,189.87 
Running cost 
 
R     9,000.00 
Referral cost savings (80% of 164 cases) R    132,774.40 
 
Total annual cost savings R    110,584.53 
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5.5 LINEAR PROGRAMMING 
The annual cost savings for the workstation, without any devices added, were calculated in the 
previous section. Telemedicine decision makers were however at the time this report was 
written interested in the type of devices necessary for successful telemedicine implementation. 
Therefore a further analysis was needed to determine which of the identified devices are 
beneficial for telemedicine implementation PHC facilities, in this case Ceres Hospital. 
Integer programming was used to determine the best alternative given the utilisation and cost 
of the telemedicine devices. The variables identified are listed below. Only referral data from 
Ceres Hospital to other hospitals are used in this project. The integer programming model is 
however defined to enable future use with a larger data input. 
 
THE VARIABLES 
 i  = telemedicine devices  
 yi  = 0    if device is not chosen 
         1    if device is chosen 
 xi  = number of cases diagnosed with device i 
 ci  = equal payments for device i with a lifetime of 5 years 
 b  =  referral cost savings per case 
m  =  equal payments for implementation cost of a telemedicine workstation with  
   a lifetime of 5 years 
  r  =  running cost for the telemedicine workstation 
 
THE OBJECTIVE FUNCTION 
Max z = ∑xi .b.yi   –  [ ∑ci .yi + y1 ( r + t ) ] 
The objective function is defined to maximize annual referral cost savings. Annual payments for 
the devices, implementation and running cost are subtracted from the referral cost savings per 
device. The devices with the highest net annual referral cost savings are then chosen to 
maximize the objective function. 
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THE CONSTRAINTS 
1) ∑xi..yi  ≥  320 
2) ∑ci..yi  ≤  30 000 
3) ∑b .xi .yi ≥  250 000 
4) ∑ 

   ≤  M.y1 
Some limitations on the objective function are set by the constraints given. Constraint 1 ensures 
that more than or equal to 320 cases must be referred with telemedicine.  Constraint 2 limits 
the annual payment for capital costs of the devices to be lower that R 30 000. The referral cost 
savings multiplied by the number of telemedicine cases referred with the devices chosen should 
be more than or equal to R250 000 according to constraint 3.  
Constraint 4 ensures that if the telemedicine workstation was not chosen, no other devices can 
be chosen. It should be remembered that the devices are peripherals to the workstation and can 
not be implemented without the basic workstation. M represents a large number. Therefore if y1 
= 0 the sum of the other y’s must equal to 0 as well. If y1 = 1 the sum of the other y’s can equal 
any large number given that it can only sum up to 12, being defined as binary.  
 
VALUES 
The values for the variables are given in Table 12 and 13. Table 13 does not include values for 
the still digital camera and the blood pressure meter because these devices are included in the 
MRC/SU telemedicine workstation.  
The values in Table 12 and 13 were used in calculating the solution for Ceres Hospital, using 
LINDO software. 
TABLE 12: VALUES OF FIXED VARIABLES 
 
 
 
 
 
Fixed Variables Cost (SA Rand) 
m Implementation costs( annually – 5 years)  R      1,199.08  
r Running costs  R     9,000.00  
b Referral cost savings per case  R      1,012.00 
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TABLE 13: VALUES OF DEVICE RELATED VARIABLES 
i Devices % Xi Once off capital Ci 
1 Basic workstation 32.71% 164 R           50,000.00 R   11,990.79 
2 Camera – Video 1.37% 7 R           20,000.00 R     4,796.32 
3 X-ray scanner 13.22% 66 R           65,000.00 R   15,588.03 
4 Stethoscope 10.48% 52 R           10,000.00 R     2,398.16 
5 Electrocardiogram 5.48% 27 R           20,000.00 R     4,796.32 
6 Thermometer 7.15% 36 R             4,000.00 R        959.26 
7 Endoscope 1.57% 8 R           30,000.00 R     7,194.48 
8 Otoscope 0.10% 0 R           15,000.00 R     3,597.24 
9 Ophthalmoscope 1.76% 9 R           25,000.00 R     5,995.40 
10 Retinal Camera 0.39% 2 R           25,000.00 R     5,995.40 
11 Microscope 3.82% 19 R             3,000.00 R        719.45 
12 Ultrasound probe 3.43% 17 R           12,000.00 R     2,877.79 
13 Spirometer 2.06% 10 R           10,000.00 R     2,398.16 
 
LINDO OUTPUT 
LINDO calculated the maximum objective function for the constraints specified. LINDO input and 
report figures are shown in Appendix E. The following results were obtained: 
• An objective function / Annual referral cost savings of R 292 561.00 
• y1, y4, y5, y6, y11, y12, y13  = 1 these are the chosen devices 
• y2, y3, y7, y8, y9, y10  = 0    these are not the chosen devices 
• The chosen devices were: the basic workstation, stethoscope, electrocardiogram, 
thermometer, microscope, ultrasound probe and Spirometer 
• 1) 325 of the 500 cases were referred with telemedicine 
• 2) The annual capital payments for the workstation and devices were R26 140.07 
• 3) The annual referral cost savings were R 103 900.00 
• 4) The workstation and 6 devices were chosen 
 
The LINDO results indicated that the basic workstation, stethoscope, electrocardiogram, 
thermometer, microscope, ultrasound probe and spirometer should have been implemented at 
Ceres Hospital in 2008. This would have enabled the doctors to use telemedicine for 325 
patients with a total annual referral cost saving of R 292 561.00.  
Conclusions and Recommendations  Page 50 
Stellenbosch University  - Department of Industrial Engineering 
6 CONCLUSIONS AND RECOMMENDATIONS 
This project was initially undertaken to provide a decision support framework to contribute 
towards congruency between true user needs and further development of telemedicine 
workstations and peripheral devices, using a clinical-pull approach.  
To achieve this goal the following objectives were reached: 
• A decision support system was defined and constructed 
• Development of a MS Access database to record and process data 
• Extraction, transformation and loading of patient data 
• Diagnoses at different facilities were analysed using the Pareto principle 
• Potential devices usage that would utilise telemedicine effectively at different facilities 
• Economic feasibility of the MRC/SU telemedicine workstation was determined for Ceres 
Hospital in 2008 
• Mathematical programming were used to determine the feasibility of individual 
telemedicine peripheral inclusion in the system 
The decision support system that was developed was proven to be effective through the course 
of this project. This DSS including a data collection method, database, analyses and reporting 
format has been proven suitable to perform a needs assessment for another region. 
The MS Access database proved to be an effective tool providing structure during the loading 
process of data extraction from patient records. The database was limited in the sense that only 
one data capturer could enter data at a time. This challenge was overcome by merging database 
master files from different computers into a single master file. This transformation process was 
a rather inefficient and time consuming process. The development of a web interface for the 
database will ensure that more than one data capturers could work simultaneously. The web 
interface will also ensure uniform data capture, and therefore minimal data transformation, 
since the diagnosis list has been standardised and aligned with standard medical practice in the 
facilities. 
The Pareto principle was successfully utilised to identify the most frequently occurring diagnoses 
at the different facilities. Approximately 40% of the diagnoses occurred 80% of the time for the 
majority of the facilities. In this manner telemedicine can be focussed on the predominant 
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medical conditions. During the analysis process it was realised that the Pareto analysis should be 
done directly for the list of devices. This was executed yielding the potentially most frequently 
used devices. In the case of Professional nurse-to-doctor referrals, 80% of the cases could 
potentially be diagnosed by the telemedicine workstation and 5 peripheral devices as detailed in 
Table 7. For Hospital-to-hospital referrals a higher percentage (16.5% vs. approx. 3%) of the 
cases was not potential telemedicine cases. This resulted in the potential telemedicine 
utilisation in 80% of the cases requiring the telemedicine workstation and 10 peripheral devices 
(Table 7).  
Economic feasibility of the workstation was investigated and proved to be positive within the 
constraints of the component costs used. The MRC/SU workstation was used for economic 
feasibility calculations. From discounted cash flow analysis it was estimated that the total annual 
savings for hospital-to-hospital referrals done by telemedicine would have be R 110,584.53 if the 
workstation was implemented at Ceres Hospital in 2008. It is recommended that the cost 
analysis be populated with cost factors relevant to the specific region being investigated for 
telemedicine implementation. 
Mathematical programming served a rather valuable purpose in this project. The integer 
programming model was constructed to determine the minimum cost alternative for the 
telemedicine workstation with peripheral devices. The results obtained from the LINDO 
mathematical programming software provided an equipment profile as the result of a cost 
constraint combined with diagnoses profiles. Practically interpreted the model chose some of 
the lesser utilised peripherals such as the spirometer and the ultrasound probe on the ground of 
their relatively lower cost versus the benefit achievable. The x ray scanner was not chosen 
because the ratio of its high cost versus the benefit of diagnoses achievable was on a lower 
level. If the same ratio of cost saving that was achieved for the local workstation versus the 
imported workstations can be repeated for an x-ray scanner it will be a valuable addition to the 
workstation. Local the development of the x-ray scanner is therefore recommended as a 
priority. The implementation of imported x-ray scanners are not recommended for conditions 
similar to those in the study. 
In this project it was initially hypothesised that a clinical-pull approach has significant benefits to 
offer for telemedicine implementation. The decision support framework yielded valuable new 
insights and proved to be a useful tool that can be employed in unexplored regions. 
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